Aim To examine the association between corticosteroid use in paediatric intensive care units (PICU) and subsequent symptoms of post-traumatic stress disorder (PTSD). Methods The subjects were children aged 8-16 years admitted to PICU with sepsis, meningoencephalitis (ME) and other disorders. Illness information was extracted from case notes; 3-6 months post discharge children completed a PTSD symptom questionnaire (eight-item Impact of Events Scale (IES-8)) assessing intrusion and avoidance symptoms. Saliva samples were also collected for cortisol profile analysis. results 53 children completed the IES-8 questionnaires. 33 provided saliva samples. 19 (36%) received corticosteroids. In children with sepsis (n=15), corticosteroid use was associated with significantly lower PTSD intrusion symptom scores. There was a trend towards an association between corticosteroid use and lower evening cortisol levels. There was a comparable but weaker trend in children with ME. Discussion Corticosteroid use may be associated with fewer PTSD symptoms and lower evening cortisol levels following PICU admission in children with sepsis.
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InTroDuCTIon
Symptoms of post-traumatic stress disorder (PTSD) have been detected in approximately 30% of children following discharge from paediatric intensive care units (PICU).
1 Sepsis has been shown to be a relative risk factor. 1 Aetiological mechanisms are multifold and consideration is being paid towards understanding which children are most at risk in order to develop potential preventative measures. PTSD symptoms have been associated with high evening salivary cortisol levels after discharge, implying dysregulation of the immunological stress response as a possible contributing factor. 1 Genetic mechanisms including the presence of glucocorticoid receptor and corticotrophin-releasing hormone binding protein single nucleotide polymorphismss may influence this outcome. Meta-analyses have indicated that use of corticosteroids during septic shock in children does not reduce mortality 3 ; hence their use is currently unstandardised. Treatment with corticosteroids in adults experiencing septic shock may result in fewer PTSD symptoms. 4 This may be partly attributed to direct corticosteroid effects on memory circuits leading to impaired retrieval of traumatic memories. To our knowledge, this finding has not been replicated in children.
In this report, we explore whether use of corticosteroids in children admitted to PICU is associated with the subsequent development of PTSD and influences cortisol regulation 3-6 months post discharge. We hypothesised that children who received corticosteroids would have fewer PTSD symptoms and lower evening cortisol levels at follow-up regardless of original illness severity.
MeThoDS
Data were collected from a cohort of patients admitted to PICUs at St Mary's Hospital and Great Ormond Street Hospital between May 2008 and March 2010. Inclusion criteria included admission for sepsis, meningoencephalitis (ME) or other disorders. This categorisation was used with the intention of evaluating whether outcomes varied depending on systemic or localised cerebral infection. Exclusion criteria removed those with medical histories indicating prior or concurrent psychiatric or neurological disorders or with a known developmental disorder. Follow-up assessments for PTSD symptoms and salivary cortisol were performed
What is already known on this topic?
► Post-traumatic stress disorder (PTSD) symptoms are experienced by approximately a third of children following discharge from paediatric intensive care units, and sepsis is an independent predictor. ► At follow-upPTSD symptoms are associated with higher evening salivary cortisol, implying a connection with dysregulation of the stress response following critical illness. ► There are indications from the literature that treatment with corticosteroids during critical illness may reduce subsequent PTSD symptoms in adults.
What this study adds?
► In this exploratory study of children admitted with sepsis, use of corticosteroids was associated with significantly lower PTSD intrusion symptoms. ► Children who received corticosteroids in sepsis may also have lower evening cortisol levels at follow-up, possibly contributing to the reduced risk for PTSD.
Short report
at 3-6 months post discharge. Primary results of this study have been reported elsewhere. 1 For this secondary retrospective exploratory analysis, children under 8 years of age were excluded to conform to the validity of the PTSD scoring tool.
Procedure
Details regarding the clinical characteristics of patients' admissions were extracted from medical records.
PTSD symptom questionnaire
Children completed the eight-item Impact of Events Scale (IES-8). This is a validated self-report rating scale enquiring about PTSD symptoms in two clusters: intrusion and avoidance symptoms. Information was requested relating to PTSD symptoms specific to the PICU admission experienced over the 7 days prior to assessment. Items were rated on a 4-point scale (total scores 0-32 and scores ≥17 indicating a high risk for PTSD).
Cortisol analysis
Salivary cortisol samples were collected with assistance from parents at three time points (immediately after waking, waking +30 min and waking +12 hours) on two consecutive days. Following adequate cooling procedures, immunoassay was performed. Insufficient and outlying samples (those above detectable limits of the immunoassay/>4 SD above the mean value) were excluded from the analyses as they were deemed a result of inaccurate sampling. 1 
Statistical analysis
Mann-Whitney U and Spearman's rho analyses were used to analyse the primary outcome measures. reSulTS 53 children were included in the initial analysis: 15 with sepsis, 14 with ME and 24 with other disorders. The mean (SD) total IES-8 scores were 20.0 (10.9), 12.9 (11.9) and 6.6 (8.5) respectively. Sepsis was identified as a significant risk factor for higher IES-8 scores (p=0.02 for sepsis vs all other illnesses).
Corticosteroids were administered to 19/53 (36%) children: 7/15 (47%) with sepsis, 7/14 (50%) with ME and 5/24 (21%) with other disorders. Indications for corticosteroid use and clinical characteristics of those receiving corticosteroids varied according to underlying illness. In each case, the decision to administer steroids was based on recognised treatment guidelines and usual clinical practice (eg, Surviving Sepsis Campaign for children with septic shock; and the British Thoracic Society guidelines for children with acute exacerbation of asthma), as well as treating clinician preference. Children who did not receive steroids had no recognised contraindications to steroid use.
Due to clinical heterogeneity of presentations, the Paediatric Index of Mortality 2 score and the number of days in PICU were used to characterise illness severity to ensure that any findings were not explained by the most unwell children receiving corticosteroids. There were no significant differences in these measures between children who received corticosteroids versus those who did not. There were also no differences between groups for age or gender. In the total cohort, no significant differences in IES-8 scores were found between those who received corticosteroids versus those who did not. Table 1 contains details of subgroups, demographic and illness variables. IES-8, eight-item Impact of Events Scale; ME, meningoencephalitis; PICU, paediatric intensive care unit; PTSD, post-traumatic stress disorder. Figure 1 shows that corticosteroid use was associated with significantly lower PTSD intrusion symptom scores (p=0.04), but only in children admitted with sepsis. In these children there was also a trend for an association between corticosteroid use and lower evening cortisol levels (p=0.1).
DISCuSSIon
To the best of our knowledge, this is the first study to explore whether corticosteroid use is connected to PTSD symptom burden following admission to PICU. Our study has documented a significantly lower rate of PTSD intrusion symptoms in children with sepsis who received corticosteroids. This difference does not appear to be confounded by illness severity variables or age. It is possible that use of steroids is associated with subsequent lower evening cortisol levels at follow-up.
Our findings are in line with studies in critically ill adults involving severe inflammation and stress responses, where the use of corticosteroids has been reported to reduce symptoms of acute stress and PTSD. 4 5 While the following underlying mechanisms for these effects are hypothetical, there are indications that corticosteroids given during the acute illness may be beneficial in several ways. First, corticosteroids act to reduce the systemic inflammatory response resulting in the circulation of lower levels of neurotoxic inflammatory cytokines. As individuals with PTSD have been shown to have inflammatory profiles skewed towards a proinflammatory state, it may be that a reduction in inflammation at the time of trauma protects against development of the disorder. As sepsis is a state of overwhelming systemic inflammation, the anti-inflammatory properties of corticosteroids may therefore have a greater role in patients with sepsis compared with other illness types. Second, it is established that corticosteroids influence memory processes by direct action on glucocorticoid receptors within memory circuits. 4 5 In the hippocampus, corticosteroids impair the retrieval of memories. In critically ill patients, a maladaptive neuroendocrine stress reaction may result in an inadequate endogenous corticosteroid response during acute stress. Exposure to exogenous steroids may correct for this, resulting in a temporary impairment of memory retrieval during the acute illness, and disruption of the subsequent longer term retrieval and restoration of traumatic memories, a prerequisite for the intrusion symptoms of PTSD. This would explain the reduced burden of PTSD intrusion symptoms at follow-up in the sepsis subgroup who received corticosteroids.
We detected a trend towards lower evening salivary cortisol levels in children with sepsis treated with corticosteroids. There are indications that high evening cortisol levels are associated with PTSD symptoms in children following PICU admission. 1 It is possible that use of exogenous corticosteroids may result in reduced PTSD symptom burden through a mechanism that also involves normalisation of the cortisol-mediated stress response in these children. In our study, however, this finding did not reach a level of statistical significance, possibly due to the small sample size.
Our study is an exploratory model, based on a small sample and in need of replication and expansion. In particular, the investigation into biological parameters (possibly including cortisol) during admission would allow for analysis of the longitudinal relationship of the biological and psychological values.
ConCluSIon
In this exploratory study we have identified preliminary evidence that the use of corticosteroids during sepsis was associated with lower PTSD intrusion symptoms at 3-6 months of follow-up after PICU admission.
